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Abstract Studies investigating the eVect of visual illu-
sions on saccadic eye movements have provided a wide
variety of results. In this study, we test three factors that
might explain this variability: the spatial predictability of
the stimulus, the duration of the stimulus and the latency of
the saccades. Participants made a saccade from one end of a
Müller-Lyer Wgure to the other end. By changing the spatial
predictability of the stimulus, we Wnd that the illusion has a
clear eVect on saccades (16%) when the stimulus is at a
highly predictable location. Even stronger eVects of the
illusion are found when the stimulus location becomes
more unpredictable (19–23%). Conversely, manipulating
the duration of the stimulus fails to reveal a clear diVerence
in illusion eVect. Finally, by computing the illusion eVect
for diVerent saccadic latencies, we Wnd a maximum illusion
eVect (about 30%) for very short latencies, which decreases
by 7% with every 100 ms latency increase. We conclude
that spatial predictability of the stimulus and saccadic
latency inXuences the eVect of the Müller-Lyer illusion on
saccades.
Keywords Saccades · Eye movements · Illusion · 
Perception · Action
Introduction
Current models of the primate visual system propose a divi-
sion between two visual systems: vision-for-perception
(implemented by the V1-IT cortico-cortical (ventral)
stream) and vision-for-action (the V1-PPT (dorsal) stream).
This proposal (Milner and Goodale 1995; see also Jacob
and Jeannerod 2003; Trevarthen 1968; Ungerleider and
Mishkin 1982) has received support from human and mon-
key studies using diverse methods, including neuropsychol-
ogy, imaging and psychophysics. However, the degree of
functional independence between the two systems remains
controversial. According to the original proposal (Goodale
and Milner 1992) both visual systems operate indepen-
dently. Vision-for-perception encodes object properties rel-
ative to the environment, on a relatively slow time scale
and with conscious control, whereas the vision-for-action
system uses spatial representations relative to the body, on
a faster time scale than the vision-for-perception system
and without the need for conscious control. This character-
ization predicts that perceptual responses, such as adjust-
ments and verbal reports, should be aVected by contextual
information, whereas motor responses, such as pointing or
grasping, should not. Aglioti et al. (1995) tested this predic-
tion with the Ebbinghaus illusion (a size-contrast illusion).
They found that participants perceived the circle sur-
rounded by small circles as being larger than the one sur-
rounded by large circles. Conversely, when picking up a
disk that was put on the inner circle, participants opened
their hands as a function of the physical size of the disk
instead of the perceived size (Aglioti et al. 1995).
Overall, however, the current literature provides mixed
evidence for a dissociation between perception and action
(for diVering opinions on the literature see Franz and
Gegenfurtner  2008; Glover 2004; Milner and Goodale
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2008; Schenk and McIntosh 2010; Smeets and Brenner
2006). Many studies have shown that actions are substan-
tially aVected by illusions. These results have been interpreted
as evidence that vision-for-perception and vision-for-action
are not (completely) independent. Several studies found
similar eVects of visual illusions on perception and action,
suggesting that the two systems have a common source of
information (Franz et al. 2000; Franz 2001; Franz and
Gegenfurtner 2008; Pavani et al. 1999). According to others,
task demands determine whether an eVect of the illusion
can be found (Bruno 2001; Smeets and Brenner 1995;
Vishton et al. 1999). Some have suggested that illusion
eVects on actions can be explained by the two visual sys-
tems interacting under speciWc conditions, e.g., delayed
actions (Goodale and Westwood 2004; Goodale 2008).
Two recent meta-analyses on pointing (Bruno et al. 2008)
and grasping (Bruno and Franz 2009) in the Müller-Lyer
illusion analyzed a number of factors inXuencing the eVect
the illusion has on those actions. The results pinpointed the
availability of visual feedback during the response as a
major factor.
Illusion eVects have not only been investigated in point-
ing and grasping but also in saccadic eye movements. This
is interesting for a number of reasons. The neuroanatomy of
saccadic control is known to involve a number of brain
areas, including regions of the parietal and the frontal corti-
ces as well as the basal ganglia, thalamus, superior collicu-
lus, cerebellum and brainstem reticular formation (see
Munoz 2002). Given the involvement of the parietal cortex,
and most notably of the lateral intraparietal area (LIP) that
is classically assigned to the dorsal stream, the two visual
systems hypothesis predicts no or very small illusion eVects
on saccades. On the other hand, saccades are ballistic
movements that cannot be corrected online based on novel
visual information that becomes available during saccade
execution (although some form of feedforward control may
still be possible; see West et al. 2009). If the availability of
online visual feedback is critical, one would predict sub-
stantial illusion eVects on saccades. Finally, studies on illu-
sion eVects on saccades show a large variability in results,
ranging from 20–30% (Bernardis et al. 2005; De Grave
et al. 2006b; Knox 2006; Lavrysen et al. 2006; McCarley
et al. 2003) to eVects between 10 and 20% (De Grave et al.
2006b; Ehresman et al. 2008; Festinger et al. 1968; Lavrysen
et al. 2006; Thompson and Westwood 2007) or even less
than 10% (Binsted and Elliott 1999; McCarley et al. 2003;
Tegetmeyer and Wenger 2004, 2006). Finally, Wong and
Mack (1981) reported that saccadic eye movements were
not aVected by an illusion of displacement. This large range
of results suggests that additional factors modulate illusion
eVects on saccades.
In this study, we want to investigate possible explana-
tions for this wide variability in results on saccadic eye
movements. All the afore-mentioned saccade studies,
except for Wong and Mack (1981), used versions of the
Müller-Lyer illusion. Therefore, we will focus on that type
of illusion. The studies diVered in three main characteris-
tics. The Wrst one is spatial predictability of the stimulus. In
most studies that investigated the eVect of the Müller-Lyer
illusion on saccades, the stimulus was always presented in
the same location relative to the starting position. Thus,
participants know the saccade direction in advance and
only have to determine an end position in each trial. This
could be done by computing an egocentric position. Con-
versely, when the saccade direction varies from trial to trial,
saccades need to be computed by a vector (a direction and
an amplitude). Assuming that position and vector coding
are performed by separate mechanisms (De Grave et al.
2004) one might expect diVerences in illusion eVects.
Indeed, studies in which the spatial location of the stimulus
was predictable (Binsted and Elliott 1999; Ehresman et al.
2008; Lavrysen et al. 2006; Tegetmeyer and Wenger 2004,
2006; Thompson and Westwood 2007) showed smaller
illusion eVects than studies in which the stimulus was pre-
sented randomly in one of several directions (Bernardis
et al. 2005; De Grave et al. 2006a, b; Knox 2006; McCarley
et al. 2003). To systematically investigate the eVect of spa-
tial predictability of the stimulus, we asked participants to
perform three blocks of trials. In one block, the stimulus
location was always at the same location (completely pre-
dictable). In the other blocks, the stimulus could appear
randomly in either two or four locations.
The second characteristic is stimulus duration. Some of
the studies on saccadic eye movements used relatively long
stimulus durations, whereas others presented the stimulus
only very brieXy (less than 200 ms). When saccades are
made toward a location that can be seen throughout the prep-
aration and execution of the saccade, there is ample time to
determine an accurate end position for the saccade based on
visual information. This will result in a small eVect of the
illusion (De Grave et al. 2006b). Furthermore, retinal error
signals become available at the end of a saccade. These sig-
nals can be used to adapt saccadic amplitude over trials,
which will result in a small eVect of the illusion. Saccade
adaptation will be most eYcient if saccades are made repeat-
edly to the same location with about the same amplitude.
However, adaptation can also occur when the stimulus is at
diVerent locations and when saccades have diVerent ampli-
tudes, although the adaptation process is slower, and the
amount of adaptation is smaller (Albano and King 1989).
When the stimulus location is only visible for a very short
time, it may be more diYcult to determine an accurate end
position for the saccade. Therefore, participants may be
forced to use a diVerent way of coding the visual information
(De Grave et al. 2004). Alternatively, they might use the
remembered position of the stimulus (Westwood andExp Brain Res (2010) 203:671–679 673
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Goodale 2003). Both alternatives will result in a large illu-
sion eVect. Note that with very short stimulus presentations,
saccadic adaptation cannot occur as retinal error signals are
never available at the end of a saccade. Indeed, the two stud-
ies (Bernardis et al. 2005; De Grave et al. 2006a) that used
short stimulus durations (the stimulus disappeared before the
saccade is Wnished) found larger illusion eVects compared to
the other studies. Here, we investigate within the same study
how long or short stimulus presentation aVects the illusion
eVect on saccadic eye movements.
The third, and Wnal, characteristic is the latency of the
saccades (time between stimulus onset and the start of a
saccade). In a recent paper De’Sperati and Baud-Bovy
(2008) reported that the illusion eVect increased with
increasing saccadic latencies. In that study, participants had
to saccade to the location of a Xashed stimulus that was pre-
sented on a moving arc. Short-latency saccades (100–
250 ms) were minimally aVected by the arcs motion,
whereas saccades with longer latencies (up to 400 ms)
showed substantial illusion eVects. This Wnding was inter-
preted as a dissociation between a fast visuomotor mecha-
nism, which uses the egocentric location of the target
independent of contextual elements, and a slower, context-
sensitive mechanism, which codes the target position in
relation to the arc. However, other studies provide evidence
that more accurate coding of the position of a target occurs
with longer, not shorter latencies (CoëVé and O’Regan
1987). Additionally, Van Zoest and Hunt (2008) found a
larger eVect of the Judd illusion on saccades with short
latencies (about 175 ms) than on ones with longer latencies
(about 360 ms). Given these conXicting outcomes, it is
interesting to assess the eVect of saccade latency.
Materials and methods
Participants
Ten participants (age 32 § 4 years; Wve males) took part in
this study. Nine of them were employees at the VU University
(including the Wrst author). The remaining participant was
the second author. All participants had normal or corrected-
to-normal vision. The study was approved by the ethics
committee of the Faculty of Human Movement Science.
Stimulus and apparatus
A chin-rest was placed in front of a computer screen
(36 £ 27 cm, 1,024 £ 768 pixels, 85 Hz) to keep the par-
ticipant’s head Wxed at a viewing distance of 57.3 cm. In
this case, 1 cm corresponds to 1 degree of visual angle. The
stimulus consisted of a black Müller-Lyer illusion and a red
target dot on a white background. The shaft had a length of
either 6.5 cm or 7.0 cm. The length of the Wns was 2.0 cm.
The inclination of the Wns with respect to the shafts was 30,
90 or 150 degrees, depending on the conWguration: expand-
ing, compressing or control (Fig. 1a). In each trial, one of
these conWgurations was presented on a computer screen. In
the middle of the screen, a Wxation cross (0.5 cm) was pre-
sented. The stimulus always appeared with one end of the
shaft at the position of the Wxation cross. The target dot
(diameter 0.15 cm) appeared on the other end of the shaft.
Eye movements were recorded with an Eyelink eye tracker
(SR Research Ltd.). This system records eye position by
tracking the pupil center with a temporal resolution of
500 Hz and a spatial resolution of 0.2º.
Procedure
All participants performed two conditions in random order:
short and long stimulus duration. Each condition consisted
Fig. 1 a The three conWgurations of the Müller-Lyer illusion:
expanding, contracting and control. b Basic trial structure: A Wxation
cross appears on the screen. After a random interval (range 200–
800 ms), the Wxation cross is replaced with one of the three conWgura-
tions of the Müller-Lyer illusion. Depending on the predictability con-
dition, the stimulus appeared to the right of the Wxation cross (highly
predictable), to the left or right of the Wxation cross (moderately pre-
dictable) or in any of four possible locations: left, right, above or
below the Wxation cross (least predictable). In the “short stimulus
duration” condition, the stimulus was visible for 80 ms, whereas in the
“long stimulus duration” condition the stimulus remained visible until
300 ms after a saccade was made in the correct direction
a
expanding
contracting
control
b
200-800 ms
short stim. dur.: 80 ms
long stim. dur.: until 300 ms
after saccade674 Exp Brain Res (2010) 203:671–679
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of three blocks of trials, which diVered in spatial predict-
ability of the stimulus. In one block, the stimulus always
appeared to the right of the Wxation cross (high predictabil-
ity, see Fig. 1b). In another one, it appeared randomly on
the left or the right side of the Wxation cross (moderate pre-
dictability). In a third block, the stimulus appeared on either
the left or the right side or above or below the Wxation cross
(low predictability). The order of blocks within a condition
was chosen randomly. Each stimulus conWguration was
presented 10 times at each location. This resulted in 60 tri-
als for the blocks with high predictability (1 location £ 2
shaft lengths £ 3 conWgurations £ 10 repetitions), 120 tri-
als for the blocks with moderate predictability (2
locations £ 2 shaft lengths £ 3 conWgurations £ 10 repeti-
tions) and 240 trials in the blocks with low predictability (4
locations £ 2 shaft lengths £ 3 conWgurations £ 10 repeti-
tions). Within a block, trials were presented randomly with
the restriction that the same stimulus could not be presented
on successive trials.
At the start of each trial, participants Wxated the Wxation
cross in the middle of the screen and then pressed a key to
correct for slippage of the head-band, drift in gaze or exces-
sive head/body movements (drift correction). Then, the
Wxation cross disappeared after a random interval of 200–
800 ms, and a stimulus was presented. The task of the par-
ticipant was to make a saccade to the red dot. In the “short
duration” condition, the stimulus was presented for 80 ms.
The  Wxation cross reappeared 300 ms after participants
made a saccade in the correct direction. In the “long dura-
tion” condition, the stimulus disappeared when the partici-
pants Wxated a location for 300 ms after having made a
saccade in the correct direction. At the moment, the stimu-
lus disappeared the Wxation cross reappeared. All trials con-
taining no saccades or saccades not in the required direction
were repeated at the end of a block.
Data analysis
We only analyzed primary saccades, that is, the Wrst sac-
cades occurring after Wxation oVset. Secondary saccades
were relatively rare and occurred in 21% of all trials of
which 14% occurred in the short stimulus durations and
86% in the long stimulus durations. If the gaze shifted
within 50 ms after Wxation oVset, the trial was excluded
from analysis, as were all trials resulting in saccadic ampli-
tudes more than two standard deviations from the condition
mean. This resulted in a total loss of 4.5% of all trials.
For each participant, we calculated a mean percent illu-
sion eVect for each combination of stimulus duration (long,
short), spatial predictability of the stimulus (1, 2, or 4 direc-
tions), stimulus location (right, left, up or down) and shaft
size (6.5 or 7.0 cm). The percent illusion eVect was
obtained by subtracting the average amplitude for the
expanding conWguration from the average saccadic ampli-
tude for the compressing conWguration. This diVerence was
divided by average saccadic amplitude for the control con-
Wguration. The calculated illusion eVects were pooled
across the two shaft sizes. In addition, for each participant
and each condition we calculated saccadic latencies, deW-
ned as the diVerence in time between the presentation of the
stimulus and the start of a saccade. For testing the hypothe-
ses, statistical tests are all performed on comparable condi-
tions of equal sample sizes.
Results
Illusion eVects (in percentages) for each stimulus duration,
spatial predictability and stimulus location are shown in
Fig. 2. In all conditions, the Müller-Lyer illusion had a sub-
stantial eVect on saccades. To check whether the illusion
eVect diVers between the spatial predictability conditions
and the stimulus durations, we performed a repeated mea-
sures ANOVA on the illusion eVects of the right stimulus
location (open squares in Fig. 2). The illusion aVected sac-
cades in both the short and the long stimulus duration con-
ditions (illusion eVects: 20.7 § 1.7% and 18.5 § 1.4%,
respectively). The illusion eVect on short stimulus durations
was slightly larger, but not signiWcantly diVerent from the
eVect on the long stimulus durations (F(1,9) = 0.56,
P = 0.47). Furthermore, a signiWcant eVect of spatial
Fig. 2 Average percent illusion eVect for each predictability condi-
tion for long stimulus durations (a) and for short stimulus durations
(b). Open squares represent stimuli to the right of the Wxation cross.
Filled squares represent stimuli to the left of the Wxation cross. Open
and Wlled triangles represent stimuli below and above the Wxation
cross respectively. Error bars represent standard errors of the mean
(between subjects)
Long stimulus duration Short stimulus duration
Predictability
low low high high
5
10
15
20
25
30
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predictability was found (F(2,18) = 5.90,  P = 0.01). The
smallest illusion eVect was present in the most predictable
condition (16.5 § 1.5%), and the illusion eVect increased
with decreasing predictability (moderately predictable
condition: 19.4 § 2.0%, least predictable condition:
22.8 § 2.2%). Tukey’s post hoc analysis showed that the
eVect of the illusion diVered between the least and the most
predictable condition as well as between the least and the
moderately predictable condition (both P’s < 0.01). There
is no interaction between spatial predictability and stimulus
duration (F(2,18) = 1.22, P = 0.32). Thus, knowledge about
the spatial location of the stimulus in the upcoming trial
reduces the eVect the illusion has on saccadic eye move-
ment. Additionally, we checked whether illusion eVects on
saccades for the left stimulus location showed a similar pat-
tern of spatial predictability. Although non-signiWcant, a
similar trend is found for saccades to the left (F(1,9) = 2.18,
P = 0.16). The illusion eVect in the least predictable condi-
tion (19.2%) is larger than in the moderately predictable
condition (18.4%).
An alternative explanation for the diVerent illusion
eVects in the spatial predictabilities also comes to mind. We
used two shaft sizes (6.5 and 7.0 cm) to prevent participants
from going to the same end position on each trial. However,
participants might ignore this diVerence in physical shaft
sizes and repeatedly make saccades of similar amplitude (to
a location in between the two shaft’s end points). This
would reduce or eliminate the eVect of the illusion. Particu-
larly, in the high predictability condition because subjects
can pick one speciWc position on the screen as the endpoint
for their saccades. If this alternative explanation is correct,
saccades over the 6.5 and 7.0 cm shaft should have about
the same amplitude (Fig. 3). This should be most clear in
the trials with a high predictability. To check whether an
eVect of predictability can be ascribed to participants mak-
ing eye movements of the same amplitude, we performed a
repeated measures ANOVA on the saccadic amplitudes
with the factors physical shaft size and spatial predictabil-
ity. Saccadic amplitudes did signiWcantly diVer between the
shaft sizes (F(1,9) = 379.68, P < 0.01), whereas no eVect of
predictability (F(2,9) = 1.77,  P = 0.20) or an interaction
(F(2,9) = 1.23, P = 0.32) could be found. Thus, we found
no evidence that the eVect of spatial predictability on illu-
sion eVect is caused by participants making saccades of
similar amplitudes.
Additionally, Fig. 2 shows that saccades toward a stimu-
lus below the Wxation point (in short and long stimulus
durations) were less aVected by the illusion than saccades
to the other locations. To check whether stimulus location
modulated the illusion eVect on saccades, a repeated mea-
sures ANOVA with the factors stimulus duration (short,
long) and stimulus location (right, left, up or down) was
performed on the least predictable condition. Indeed a main
eVect of stimulus location was found (F(3,27) = 10.62,
P < 0.01): right (22.8 § 2.2%), left (21.3 § 1.8%), down
(9.4 § 1.7%) and up (21.5 § 1.8%). In a Tukey post hoc
analysis, only the stimulus below the Wxation point diVered
from all the others (P < 0.01). There was no main eVect of
stimulus duration (F(1,9) = 0.01, P = 0.93) or an interaction
between stimulus duration and stimulus location
(F(3,27) = 1.79, P =0 . 1 7 ) .
Figure 4 shows saccadic latencies for the long and short
stimulus duration and for each predictability condition.
A repeated measures ANOVA with the factors spatial predict-
ability of the stimulus and stimulus duration was performed
on the saccadic latencies for the right stimulus location.
Saccadic latencies for long stimulus durations (183 § 4m s )
were signiWcantly shorter than those for short stimulus
durations (228 § 10 ms) (F(1,9) = 8.53,  P = 0.02). No
eVect was found for spatial predictability (F(2,18) = 1.97,
P = 0.17). Additionally, an interaction is found
(F(2,18) = 4.07,  P = 0.03). For short stimulus durations,
saccadic latencies increased with decreasing predictability,
whereas for long stimulus durations latencies did not sig-
niWcantly diVer between predictability conditions.
To check whether stimulus location aVected saccadic
latencies, a repeated measures ANOVA with the factors
stimulus location and stimulus duration was performed on
latencies in the least predictable condition. Saccadic laten-
cies diVered signiWcantly between stimulus locations
(F(3,27) = 16.79, P < 0.01). The latencies in all locations
diVered from each other (post hoc Tukey test: all P <0 . 0 5 ) ,
except the stimuli to the right (216 § 14 ms) and above the
Fig. 3 Saccadic amplitudes for the 6.5 and 7.0 cm shafts in the three
predictability conditions. Dotted lines represent the physical shaft
length. Error bars represent standard errors of the mean (between
subjects)
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Wxation point (217 § 10 ms). Stimuli on the left had the
shortest latencies (202 § 10 ms), whereas stimuli in the
downward direction had the longest latencies (252 ms §
9 ms). Furthermore, long stimulus durations revealed sig-
niWcantly shorter latencies (193 ms § 4 ms) than short ones
(251 § 9m s )  ( F(1,9) = 14.82,  P < 0.01). No interaction
between stimulus location and stimulus duration was found
(F(3,27) = 0.81, P =0 . 5 0 ) .
Finally, we investigated whether the illusion eVect
diVered between saccadic latencies. To do so, latencies
from conditions in which the stimulus was presented to the
right of the Wxation point with long stimulus durations were
used. Only latencies from these conditions were included in
the calculation as diVerences in illusion eVect on saccadic
latencies are confounded with stimulus duration and spatial
predictability (see Fig. 4). For each participant, we divided
the latency durations in quartiles. In each quartile an eVect
of the illusion was calculated. For each participant, a linear
Wt was computed on the illusion eVects of the quartiles.
Figure 5 shows the illusion eVects in the quartiles of each
participant (with Wtted line). Seven participants have a neg-
ative slope (range: ¡0.03 to ¡0.15), one has a slope of 0.00
and two have a positive slope (0.10 and 0.19). For most
participants, the illusion eVect tends to decrease with
increased saccadic latencies. This trend is summarized by a
linear Wt on all quartiles of all participants (thick black line
in Fig. 5). The Wtted line shows that for the fastest saccades
(express saccades: about 80–120 ms) a maximum illusion
eVect of §30% is to be expected (95% conWdence interval
of the intercept: 18–45%). The eVect of the illusion will
decrease with about 7% for every 100 ms increase in sacc-
adic latency (95% conWdence interval: 0.1–14%). A signiW-
cant correlation was found between the eVect of the illusion
and saccadic latency (r = ¡0.30; P =0 . 0 5 ) .
Discussion and conclusion
In this study, we investigated whether the variability in
reported eVects on the eVect of the Müller-Lyer illusion on
saccades can be explained by diVerences in spatial predict-
ability of the stimulus, stimulus duration and saccadic
latencies. If the stimulus is constantly presented in the same
location (high predictability) subjects only have to deter-
mine an end position for their saccades and the illusion
eVect will be relatively small. As predicted, spatial predict-
ability of the stimulus modulated the eVect of the illusion
on saccades. We found the largest illusion eVect in the least
predictable condition and the illusion eVect decreased with
increasing predictability. This suggests that participants
used more vector coding when the spatial location of the
stimulus is unpredictable. It might be suggested that the
eVect of predictability is restricted to only one direction
(saccades to the right side of the Wxation point), as we per-
formed statistical comparisons only for those displays.
However, stimuli presented on the left of the Wxation point
(which were presented in the moderately and least predict-
able conditions) also showed a slightly larger illusion eVect
in the least predictable condition (19.2%) than in the
moderately predictable condition (18.4%). Although this
Fig. 4 Average saccadic latencies for each predictability condition
for long stimulus durations (a) and for short stimulus durations (b).
Open squares represent stimuli to the right of the Wxation cross. Filled
squares represent stimuli to the left of the Wxation cross. Open and
Wlled triangles represent stimuli below and above the Wxation cross,
respectively.  Error bars represent standard errors of the mean
(between subjects)
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diVerence did not reach statistical signiWcance, the pattern
of results is similar to the stimuli on the right.
Conversely, stimulus duration did not clearly modulate
illusion eVects, although the illusion eVect is slightly larger
with short stimulus durations (20.7%) than with long ones
(18.5%). Thus, we found no evidence for saccades being
diVerently aVected by the illusion due to stimulus duration.
This lack of diVerence might be due to the longer latencies
in the short stimulus duration conditions compared to the
long stimulus duration conditions. Longer latencies provide
participants more information regarding the end position of
their saccades, which can reduce the illusion eVect for the
short stimulus durations and therefore the diVerence in illu-
sion eVect between short and long stimulus durations might
be underestimated. Another suggestion for the lack of a sig-
niWcant diVerence in illusion eVect between long and short
stimulus durations might be that participants can hardly use
the retinal error signal to adapt saccadic amplitude over tri-
als (with long stimulus durations). In the introduction, we
hypothesized that retinal error signals that become avail-
able at the end of a saccade (only in long stimulus dura-
tions) can be used to adapt saccadic amplitude over trials.
This will result in a small eVect of the illusion. When the
stimulus location is only visible for a very short time, it
may be more diYcult to determine an accurate end position
for the saccade, which will result in a large illusion eVect.
Here, we did not Wnd a signiWcant diVerence in illusion
eVect between long and short stimulus durations. This
might be due to the way this study was set up: the randomi-
zation procedure prevented identical stimuli to appear on
successive trials. This minimizes opportunities for saccadic
adaptation. Thus, large illusion eVects are found for both
short and long stimulus durations. Finally, we found larger
illusion eVects for shorter saccadic latencies (see Fig. 5).
The shortest saccades (express saccades) have the maxi-
mum illusion eVect of about 30%. This amount decreased
to about 11% for saccadic latencies up to 330 ms, which
were the maximum latencies found in this study.
Our latency data are consistent with the results of Van
Zoest and Hunt (2008), who reported larger illusion eVects
for shorter saccadic latencies. In contrast, De’Sperati and
Baud-Bovy (2008) found that the illusion eVect on saccades
increased with increasing saccadic latencies. This was
interpreted as evidence for a dissociation between vision-
for-perception and vision-for-action. However, their results
can be explained in a diVerent way. Processing the trajec-
tory of a moving stimulus requires the activation of motion
detectors over time, which results in a longer temporal win-
dow for detecting and processing motion than for merely
locating a stationary target dot. This suggests that the eVect
of a moving context will build up over time and thus illu-
sory motion information is simply not available for short-
latency saccades. Therefore, the motion illusion will only
show up in saccades with longer latencies. In our experi-
ment, the stimulus was static, and all information was
already present before the start of the saccade. Given that
we found the largest illusion eVects on saccades with the
shortest latencies, our data suggest that for short-latency
saccades there is not enough time to determine an accurate
target position. Therefore, participants are forced to use
another source of information, such as perceived length.
Thus, depending on the task constraints diVerent informa-
tion is used to perform the task, resulting in diVerent illu-
sion eVects. Consistent with previous studies on pointing
and grasping (Bruno et al. 2008; Bruno and Franz 2009),
the Wndings in this study conWrm that the large variability in
the results of studies investigating illusion eVects on sac-
cades can be ascribed to speciWc experimental diVerences.
An additional and interesting Wnding of the current
experiment is the smaller illusion eVect for downward sac-
cades compared to the other directions. A similar pattern of
results on saccadic eye movements was reported by De
Grave et al. (2006a, b). They suggested that the reduction in
illusion eVect may be caused by the hand partly occluding
the visual stimulus, which may have prompted the eye to
saccade to a predetermined position. However, this cannot
be a valid explanation in this study as no hand movements
or any other objects were present to occlude the stimulus
below the Wxation point. Another explanation for smaller
illusion eVects in the downward saccades might be the
longer latencies for these saccades. According to Van Zoest
and Hunt (2008), longer latencies result in smaller illusion
eVects as long latencies provide the participant with enough
time to determine an accurate position of the target. We did
Wnd signiWcantly longer saccadic latencies for downward
saccades, similar to Dafoe et al. (2007) and Bell et al.
(2000). Based on the overall Wt in Fig. 5 (thick line), we
were able to test whether the smaller illusion eVect for the
downward stimulus location could be ascribed to larger
saccadic latencies. For the downward location in long stim-
ulus durations, the estimated illusion eVect was 19%. This
estimated value was larger than the observed illusion eVect
for this condition (10%, see Fig. 2). Thus, the smaller illu-
sion eVect on downward saccades cannot be completely
explained by an increase in saccadic latency. A third possi-
bility involves diVerences in acuity between the lower and
upper visual Weld. Outside the fovea, the superior retina
projects to a larger area in the visual cortex (Van Essen
et al. 1984) and has more ganglion cells (Curcio and Allen
1990) than the inferior retina. This diVerence may allow
more accurate localization of the target in the lower visual
Weld, at the cost of slightly slower processing. Interestingly,
better performance for visually guided pointing in the lower
visual Weld is reported by Danckert and Goodale (2001).
Additionally, Krigolson and Heath (2006) found better aim-
point precision in the lower visual Weld compared to the678 Exp Brain Res (2010) 203:671–679
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upper Weld. Given these results, we speculate that better
motor performance in the lower visual Weld occurs due to
better retinal and cortical acuity.
In conclusion, we found that the large variety in illusion
eVects on saccades can be ascribed to several factors.
Although saccades show a substantial illusion eVect under
all conditions, the amount of illusion eVect is modulated by
spatial predictability of the stimulus and saccadic latencies.
These results argue against strong independence of vision-
for-action and vision-for-perception (Goodale and Milner
1992) as in none of the conditions in this study saccades
appeared to be immune to perceptual illusory eVects. More
speciWcally, we have provided evidence that a reduction in
the illusion eVect occurs when the stimulus is at a more pre-
dictable location, when saccadic latencies are long
(>250 ms) and when the stimulus is presented below the
Wxation point.
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tive Commons Attribution Noncommercial License which permits any
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